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Abstract 
In recent years, there are significant growths of interest in wireless technology especially in the development of e-Nose sensor network. 
Several wireless e-Nose node sensor prototypes have been developed by some research institutions. Currently wireless e-Nose sensor 
networks are used in various research activities as well as industrial applications such as odour monitoring, gas monitoring, air quality 
monitoring, etc. The goal of this paper is to review the state-of-the-art of the wireless e-Nose sensor network technology and the future 
trend in wireless e-Nose sensor node development. This relatively novel technology offers promising advantage in many fields such as 
environmental monitoring, precision agriculture, medicine and cold chain control or traceability. Investigations and reviews pertaining to 
core processing, radio communication, power supply, sensing component, and dimension are presented. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
 
Keywords:  e-Nose, wireless, WSNs, sensor node, wireless e-Nose sensor node. 
Nomenclature 
e-Nose  electronic nose 
WSNs  wireless sensor networks 
MEMS   micro electro mechanical systems 
 
1. Introduction 
The terminology of e-Nose is commonly associated with electronic system devices by using array of sensor and pattern 
recognition works like human smell of sense to detect and recognize odour and flavour [2]. Historically e-Nose has been 
used since 1980s in food and beverage industries, however there is no major advance of analytical method employed to 
assess odour [1]. The classical e-Nose system which consists of an array of sensors are still common used despite new 
technology have recently entered in this field. Research and development in e-Nose in accordance with classification and 
time-dependent processes are still in progress. These include unwanted processes such as alteration during storage or 
spoilage as well as the intended ripening or fermentation of particular products. E-Nose is far less expensive compared to 
classical analytical systems such as GC/MS [3], and reduces time consumption combined with an automated data 
evaluation, which at least some application could be run without human intervention.  
Today architecture of traditional e-Nose is not suitable enough for properties of operating distributed sensing scenarios. 
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Most of them are designed for fixed, single unit applications and lacks fundamental features [4]. On the other hand WSNs 
technology expands rapidly and yields various types of novel wireless sensors. WSNs is easier to be placed on required 
environment and just need to relocate miniature smart sensor nodes, thus information can be gathered, processed and sent to 
the required location by using the convenience of wireless communication [5]. In accordance with Moore’s law, wireless 
sensors network will become smaller and inexpensive as well as at the same time to be more powerful [6]. Integration 
between wireless sensor network and e-Nose will become reality. 
In this paper, a review of the state of the art of wireless electronic nose sensor network prototypes is presented. The aim 
of this paper is to provide a review as well as comprehensive about the current state of the art of e-Nose wireless sensor 
network accordance with research development issues and future challenge. The reminder of this paper is structured as 
follow. The concept of e-Nose sensor network is discussed in section 2. In this section overviews regarding to wireless e-
Nose term, architecture of e-Nose sensor network, and functional element of wireless e-Nose sensor node will be 
introduced. Afterward, the state of the art of e-Nose wireless sensor network will be paid a special attention in Section 3. 
Section 4 presents discussions about future trend and challenges in e-Nose wireless sensor network. Conclusions are left to 
Section 5. 
2. Concept of wireless sensor network  for e-Nose Sensor 
Attention to sensing technology for instrumentation in environmental monitoring system, medicines and food industries 
is increasing rapidly. This due to wireless sensor and sensor network has emerged as sensing paradigms. Wireless sensors 
networks provides benefits in wireless sensor systems such as reduce of using extensive wiring impacted on inexpensive 
cost for installation thus will be no longer required for sensors and data acquisition system [7]. In addition, in sensor 
networks, wireless e-Nose sensor is relative new in wireless sensors technology. Wireless e-Nose sensor network is 
developed to overcome the lack in traditional e-Nose sensor. The concept of wireless sensor networks (WSNs) leverages the 
concept of collaboration within a large number of sensor nodes, meanwhile the traditional e-Nose sensor mainly is 
considered as a standalone device [8]. In term of convergence with MEMS, wireless communications and digital 
electronics, wireless e-Nose sensor networks provides outcome over compared to traditional e-Nose sensors. Furthermore 
wireless sensor network can enable long-term remote data collection and provides local measurement as well as detail in 
formations that normally relatively hard to get by using traditional e-Nose sensor [9].  Since they are wireless, they can be 
put on the distributed places.  
2.1.  Wireless e-Nose sensor network system architecture 
Figure-1 (left side) displays a wireless e-Nose sensor network system consisted of densely distributed e-Nose nodes that 
support sensing, signal processing and embedded computing connected by means of self organizing [7]. Basically e-Nose 
nodes are placed at various location of interest on monitoring places. Odours data are collected and delivered via wireless 
link to the analysis station, where the sensor fusion algorithms will process and analyze those data. In order to support the 
process, selection of an appropriate wireless sensor is necessary as a consequence of the performance of the entire wireless 
e-Nose system that depends on the individual wireless sensor. 
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Base Station
Computer Host
 
 
Fig. 1. Architecture and functional element of wireless e-Nose sensor node for odorous gas monitoring 
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2.2. Wireless e-Nose Node architecture 
In Figure 1 (right side) displays a structure design of wireless e-Nose sensor nodes contained three or four functional 
subsystems i.e. gas sensor, sensing interface, embedded core, communication radio, and power supply [7]. Wireless sensors 
node must contain an interface being able to connect with sensing transducers. The sensing interface is responsible mainly 
for converting output of analogue data’s of gas sensor into a digital representation that can be processed by digital 
electronics. The quality of the sensor interface is a function of the conversion resolution, sample rate, and number of 
channels available on its analogue-to-digital converter (ADC).  
Once measurement data (from gas sensor) have been collected by the sensing interface, the computational core takes 
responsibility to store, process and ready the data for communication. A major classifier for microcontrollers is the size (in 
bits) of their internal data bus with most microcontrollers classified as 8-, 16-, or 32-bits. While larger data buses suggest 
higher processing throughput, both cost and power consumption of these microcontrollers are also higher [10].  
A communication radio is an electrical component that can be used for both the transmission and reception of data. In 
the United States, frequency band of 900 MHz, 2.4 GHz, and 5.0 GHz, have been designated by the Federal 
Communications Commission (FCC) as the unlicensed industrial, scientific, and medical (ISM) frequency bands. Today 
wireless technologies (e.g. 802.11, Bluetooth, Zigbee) operate on the same set of frequency bands. 
3. The Current of Wireless e-Nose Sensor Network 
Various types of wireless e-Nose sensor nodes have been developed by engineers and researchers in the last ten years. 
Table-1 shows a list of several wireless e-Nose sensor nodes that are available. This chapter presents wireless e-Nose sensor 
node prototypes that some of them are listed in Table-1. 
Table 1. Wireless e-Nose sensor node prototypes 
 
PERFORMANCE Craig A. Grimes et al. Darold Wobschall Rodney Charles et al. Young Wung Kim et al. S. De Vito et al. Sukwon Choi et al. Jianfeng Qu et al.
ATTRIBUTE (2003) (2006) (2007) (2007) (2008) (2009) (2009)
Analog to Digital Converter Properties
A/D Channels 8 11 8 8 8 8
Sample Rate 15 Ksps 167 Ksps 485 Ksps 485 Ksps 485 Ksps 15 Ksps
A/D Resolution 10 bit 10 bit 12 bit 12 bit 12 bit 12 bit 10 bit
Digital Inputs 6 2 2 2 2
 Sensor Support Features
Sensor name Gas Sensor Gas Sensor TGS813 Micro-gas sensor Poly-(methyl-methacrylate) (PMMA) MiCS- 5521 MOS gas sensor
TGS2600 Sensirion SHT1x Poly-(2hydroxy-ethyl- methacrylate) (PHEMA) MiCS- 2710
Poly-(styrene) (PS) MiCS- 5135
Poly-(ethylenimine) linear (PEI) PPD4NS
D-120
SHT11
Sensitive to Hydrogen CO2, VOC, H2 Butane NH3 & H2S VOCs (Volatile Organic Compounds) CO Butane
General air contaminants Relative Humidity & VOCs (Volatile Organic Compounds) NO2 Hydrogen-sulfide
Temperaure VOCs (Volatile Organic Compounds) Volatile Organic Compounds Amine compounds
VOCs (Volatile Organic Compounds) Particulate Matter (PM) Air contaminants
CO2
Temperature
Range 0 - 500 ppm 500 - 10.000 ppm 10 – 1,000 ppm 2K - 5K ppm
1 - 30 ppm H2 0 - 100 %RH, -40 - 123.8 C 0.05 – 5 ppm 5 - 100 ppm
10 – 1,000 ppm 30-300 ppm
8,000/28 ml 1-30 ppm of H2
0 - 2,000 ppm
-40 – 123.8 C
Operating Voltage 20 Volt 24 Volt 3 - 12 V
5 Volt 2.4 - 5.5 Volt
Power Consumption < 15 mW 35 mA/3 V
< 15 mW <3 mW 20 mA/3 V
24 mA/3 V
90 mA/5 V
50 mA/12 V
4 mA/3 V
Construction Titania nanotubes Array Array Array Array Array
Dimension inner diameters of 76 nm 17 mm in diameters 2 mm x 2 mm, 85 um x 75 umm 9.5 × 9.5 × 3.9 mm
9 mm in diameters 4.9 x 7.4 mm 9.5 × 9.5 × 3.9 mm
9.5 × 9.5 × 3.9 mm
69 × 46 × 22 mm
55 × 51 × 25 mm
4.88 × 7.24 × 2.5 mm
System Core Features
Processor AT90S8535 ATMega128L/MicaZ MSP430F1611 MSP430/TelosB MSP430 ATMega128L/MicaZ
Architecture 8 bit RISC 8 bit RISC 16 bit RISC 16 bit RISC 16 bit RISC 8 bit RISC
Clock Speed 4 MHz 8 MHz 8 MHz 8 MHz 8 MHz 8 MHz
Program Memory 8 Kbyte 128 Kbyte 48 Kbyte 48 Kbyte 48 Kbyte 128 Kbyte
Data Memory 0.5 Kbyte 4 Kbyte 10 Kbyte 10 Kbyte 10 Kbyte 4 Kbyte
Radio Communication Properties
Radio RM TR1000 Chipcon CC1000 Chipcon CC2420 Chipcon CC2420 Chipcon CC2420 Chipcon CC2420 Chipcon CC2420
Frequency Band 916.5 MHz 433 MHz 2400 MHz 2400 MHz 2400 MHz 2400 MHz 2400 MHz
Wireless Standard IEEE 802.15.4 IEEE 802.15.4 IEEE 802.15.4 IEEE 802.15.4 IEEE 802.15.4 IEEE 802.15.4
Spread Spectrum No Yes Yes Yes Yes Yes Yes
Outdoor Range 30 - 100 m 125 m 125 m 125 m 125 m 125 m
Enclosed Range 50 m 50 m 50 m 50 m 50 m
Data Rate 115.2 kbps 76.8 kbps 250 kbps 250 kbps 250 kbps 250 kbps 250 kbps
Final Assembled Attributes
Dimensions 34 X 53 mm
Weight
Power Consumption
Power Source Battery (4.5 Volt) Battery (12 Volt) - Battery  (3 Volt) Battery (12 Volt) Battery (12 Volt)
Life time 100 hour  
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A wireless e-Nose sensor node consisted of an array of sensor nodes has been developed by Grimes et.al. for hydrogen 
monitoring, where information sourced from each nodes are transmitted to the host node by using the other node as a relay 
[11]. The core processor used for this sensor was AT90S8535 microcontroller. This processor is connected to the RF 
transceiver chip TR1000 via its serial bus. It is a 10-bit analog-to-digital converter (ADC) with a maximum sampling 
voltage of 3 volt. Temperature sensors (AD7418 analog devices) are attached on each sensor nodes. A serial interface based 
on RS232 protocol is required for communication between host node and computer. This hydrogen sensor is equipped by 
highly ordered thin film of titania nanotubes. The sensitivity of the nanotubes relies on nanotube diameter. This sensor can 
be operated up to ca. 100 hours by using three AA-batteries type. The Advantage of this sensor is able to reduce energy 
usage by using self-engaging low-power mode.  
A wireless gas monitor has been proposed by Wobschall for concentrations measurement of certain environmental and 
toxic gases (CO2, VOC, and H2) [12]. Transferring data process is done according to IEEE 1451.5 protocol by using point-
to-point or zigbee mesh network wireless transceiver. Point-to-point wireless transceiver e.g. Chipcon CC1000 operates at 
433 MHz and has a range of 30-100 meters. Zigbee wireless transceiver (IEEE 802.15.4) operates at 2.4 GHz and has mesh 
networking capability. Wireless interface is divided by two sections i.e. analog and digital sections, where analog sections 
are controlled by the digital section (microcontroller). In digital section, analog signals are converted into a standard and 
easy readable digital format with respect to TEDS (transducer electronic data sheet). These signal conditioning circuit and 
TEDS are designed as a part of wireless sensor’s sensing interface. The requirement of voltage and current supply for this 
sensor are composed into two groups: 1 to 5 volt and 0.1 to 2.5 volt for up to 200 mA. Voltage adjustment is done by using 
a serial digital (SPI) signal in microcontroller.  
 
                         
 
 
 
 
 
 
 
      (a)                                                (b)                                                   (c)                                                   (d) 
 
Fig. 2. Wireless e-Nose for odour measurement: (a) The sensor array; (b) The Chamber Assembly;  
(c) The intelligent e-Nose assembly; (d) The Wireless Sensor Network including MDA300CA, MicaZ mote, and MJB600 gateway. [13] 
 
An e-Nose wireless sensor networks for odour measurement have been developed by Rodney Charles et al. [13]. 
Certain sensors such as TGS813 sensor used to sense butane gas and TGS200 sensor to detect general air contaminants are 
equipped onto the network. A chamber is designed for sensor array. The main component of this chamber is a solenoid input 
valve intended to control the air vacuum within the chamber. For data acquisition and data transfer, this e-Nose uses 
MD300CA board and MicaZ MPR/MTS2400 by Crossbow Technology Inc. This board is contained on-board 8-channels 
and 12-bit ADC (analog-digital-converter), and are used in conjunction with the MPR2400 mote processor to transfer the 
data to the gateway wirelessly for routing. This gateway is the MIB600 from Crossbow Technology Inc. MDA300CA, 
MicaZ and MIB600 are run on Tiny OS programming language.  
 
 
 
 
 
 
 
 
 
 
 
                                    (a)                                                                    (b)                                                         (c) 
 
Fig. 3. An intelligent wireless e-Nose node (WENN):  
(a) The designed WENN; (b) Top view of the WENN; (c) Bottom view of the WENN. [14] 
 
An intelligent wireless e-Nose sensor node for monitoring gas mixtures has been developed by Kim et.al, using neuro-
fuzzy networks [14]. This e-Nose sensor uses an ultra-low power microcontroller MSP430F1611 aimed to classify and 
Gas sensor array Gas chamber assembly Intelligent e-Nose assembly Wireless sensor network 
Wireless e Nose node Top view of WENN Bottom view of WENN 
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quantify binary gas mixtures of NH3 and H2S. The sensing layer is equipped with a relative humidity single chip and a 
temperature multi-sensor module with a calibrated digital output, Sensirion SHT1x. A single chip 2.4 GHz IEEE 802.15.4 is 
attached in wireless sensor node as a wireless communication. The graphical user interface (GUI) has been developed as a 
monitoring manager. This GUI was developed using engineering workbench (LabVIEW) in laboratory virtual instrument 
(VI) based on a personal computer (PC). The fuzzy ART and ARTMAP neural network algorithms are programmed into 
microcontroller for analyzing the binary gas mixtures on-line. 
A wireless e-Nose sensor node for odours around the livestock farms have been proposed by using MicaZ wireless 
network platform [15][16][17]. This can provide consistent, detail and real-time data with respect to the environment and 
odour profile around the livestock farms, especially for more efficient operation. This e-Nose composed of MPR2400 board, 
the gateway of MIB600 board, which provides ethernet connectivity for communication and allows remote access to e-Nose 
network data via TCP/IP. In addition power supply is supported by 3 volt power source of two AA-batteries type. A radio 
MPR module consisted of 2.4 GHz with IEEE 802.15.4 protocol an antenna and a collection of discrete components are also 
required. A sensor array is supported by two gas sensors i.e. TGS826 and TGS822 used to detect odorous components in 
ambient air, and two sensors for detecting environmental conditions i.e. humidity sensor and a temperature sensor. A 
chamber is required for those sensors to accommodate a sensor array and to regulate the flow of odorous.   
 
 
 
 
 
 
 
 
 
 
                 (a)                                                              (b)                                                                         (c) 
 
Fig. 4. A wireless electronic Leilei Pan et.al. (2007):  
(a) a sensor array; (b)  Integration of the e-Nose (the sensor array is inside the chamber, a data acquisition board,  
(b) a mote processor, and a power supply); (c) The mote processor MPR2400 and the gateway MIB600. [15][16] 
 
Furthermore a design of a wireless e-Nose platform, which commonly called TinyNose, has been proposed by De Vito 
et.al. to monitor distributed air quality [4]. This wireless e-Nose node was based on a TelosB by Crossbow Inc. The TelosB 
node is equipped with MSP430 microcontroller from Texas Instruments Inc, and a communications subsystem in 
accordance with 802.15.4 ZigBee. The hosted microcontroller is integrated with 8-channels, 12-bits-ADC [0.3] volt inputs. 
The range of power usage is in the μW range with fast recovery at standby mode, and then it is fundamental for battery 
power applications. The sensing array is supported by four carbon nano-black particles/non conductive polymer dispersion 
base sensor. The sensing array also has capability to operate in room temperature. 
 
 
 
 
 
 
 
 
 
 
 
              (a)                                                                       (b)                                                                       (c) 
 
Fig. 5. A wireless e-Nose sensor nodes by Jianfeng Qu et al. (2009):  
(a). A gas sensor array; (b).  A gas chamber with; (c). An interface board and a MicaZ. [19] 
 
A wireless e-Nose sensor network prototype develops a real-time de-noising algorithm have been proposed by Jianfeng 
Qu et.al. [19]. This e-Nose consisted of a unit of odorant gas measurement chamber, a signal processing and a unit of 
wireless communication. A MicaZ node is used as a brain of the e-Nose prototype which composed of a processor 
(Atmegal-128L, used for data acquisition control, data processor control and data transfer control) and a radio (Chipcon 
CC2420, 2.4 GHz ISM band transceiver) with IEEE 802.15.4/ZigBee protocol. The sensor array is supported by four MOS 
Gas sensor array The chamber, Daq board, and power Wireless sensor network devices 
Gas sensor array Gas chamber & pump Interface board & Mica Z sensor node 
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gas sensors i.e. Butane gas sensor, Hidrogen-Sulfide gas sensor, Amine compounds gas sensor, and Air contaminant gas 
sensor.  
The APOLLO (air pollutant monitoring system) sensor node with COTS (commercial-off-the-shelf) MEMS or infrared-
basis on micro gas sensors have been proposed by Choi et.al. [20]. The APOLLO provides information with respect to EPA-
specified criteria pollutants by using inexpensive compact sensors. An MSP430 microcontroller and TI CC2420 transceiver 
with a data rate of 250 kbps at 2.4 GHz are used to support the board. To lead toward the requirements of low cost and 
applicability, COTS gas sensors is used. Various sensors used to detect CO, CO2, NO2 are integrated into single board. The 
power supply requires up to 12 volt rechargeable battery. To handle three types of voltage rate, two DC-DC converters were 
employed: one for step-down from 12 Volt to 3 Volt and the other for step-up from 3 volt to 5 volt.  
4. Future Trend in Wireless e-Nose Sensor Node 
Development and application of wireless e-Nose sensor node is characterized mainly by power consumption, 
complexity, cost, and ability for gathering the data. With these characteristics, each node should be as efficient as possible 
in energy consumption, and it should be lower cost. In order to achieve this target, nodes are generally implemented in small 
physical dimensions, low-cost, and operating in a low-power (duty-cycled). 
 Progresses in technology development such as chip scale package (CSP), micro electromechanical system (MEMS), 
very large scale integration (VLSI), and nanotechnology provide supporting development of electronic devices which 
reflects to the development of wireless e-Nose sensor node. Furthermore, development of the design method e.g. modular 
system method provides foundation platforms for the design of wireless sensor node. Thus to design sensor nodes can be 
implemented in several layers. Today, to fabricate individual module can be realized using surface mounted devices 
technology (SMD), bare dice for the high levels of miniaturization and fine pitch interconnect schemes. In term of wafer-
level 3D packaging, fabrication for multiple device layers by using epitaxial growth of Silicon or stacking of wafers have 
became an alternative solution for the maximal miniaturization (in millimeter size). However embedding and 
interconnecting the thinned dies with a modified multilayer thin film wiring, and mounting dies substrate wafer are the 
simplest formation of wafer-level 3D packaging. Wafer stacking can be realized by using wafer bonding of a thinned top 
wafer onto bottom wafer and interconnected with inter-chip vias and micro bumps [21].  
 Several techniques have been proposed in order to maximize the lifetime of the sensor nodes, such as routing and data 
dissemination protocols, tiered system architectures, energy-aware MAC protocols, duty-cycling strategies, power aware 
storage, adaptive sensing rate, and redundant placement of nodes to ensure coverage guarantees. The lifetime remains 
bounded and finites, meanwhile all the above techniques optimize and adapt energy usage to maximize the lifetime of a 
sensor node. Other techniques are the use of energy harvesting which has been applied to address the problem of finite node 
lifetime. Energy harvesting refers to harnessing energy from the environment or other energy sources (body heat, foot strike, 
finger strokes) and converts it into electrical energy. If the harvested energy source is large and periodically or continuously 
available, a sensor node can be powered perpetually.  
5. Conclusion 
Based on information above is summarized that wireless e-Nose sensor node offers promising techniques for future 
sensing technology and instrumentation applied in widely range of area such as environmental monitoring system, 
medicine, and food as well as beverage industries. In this paper are reviewed various type of wireless e-Nose sensor node 
developed by research institutions. However most of engineer or scientist who have designed a number of wireless e-Nose 
sensor node, did not meet features of wireless sensor node which characterized mainly by less power consumption, lower 
cost and miniaturization. The main characteristic of wireless e-Nose sensor nodes will become realistic with the rapid 
development in VLSI technology, MEMs technology, and wafer-level 3D packaging technology. These above technologies 
would be possible for the vision of highly integrated, inexpensive modularity design of future wireless e-Nose sensor node. 
Battery technology is still not able to cope the pace of the advance technology, while the electronic performance and also 
the size and the cost of wireless e-Nose sensor nodes should meet the certain demands of wireless sensor networks 
applications. 
Further research and development in sensor networks are mainly focused on the techniques to increase the lifetime of 
battery-power sensor. These techniques include hardware optimizations such as optimization of dynamic voltage rate and 
clock rate and wake-up procedures to keep electronic devices inactive most of the time as well as development of energy-
aware protocol for sensor communications. In addition, energy-harvesting technique extracts energy from the environment 
where the sensor itself lies on, offer another important mean to increase lifetime of sensor devices. 
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